Introduction
============

Human anatomy is essential knowledge in the education of health and biological science professionals. The structure of curricular anatomy courses, the use of resources, and the commitment of professors and students are tools to promote learning.[@b1-amep-4-157]

Dissection is a fundamental technique for physicians and other professionals who will eventually work in the fields of health care and biology; practical classes must therefore be efficient. However, the number of hours assigned to anatomy teaching in curricula has decreased over time in health-related courses. The criteria for such decisions are not clear and often lead to the elimination of dissection practices, which may in turn compromise the quality of student preparation.[@b2-amep-4-157]

Biasutto et al[@b3-amep-4-157] have analyzed the importance of anatomy teaching using dissection classes and computer resources in practical and theoretical classes. They found that learning outcomes were negatively affected whenever a resource was eliminated.

New teaching methods have been developed to make the learning of human anatomy more dynamic. Ramos et al[@b4-amep-4-157] called attention to the need for using participative teaching techniques, which may be a response to the memorization needs of students learning the numerous and complex anatomic structures, and which may make anatomy teaching less monotonous and uninspiring. The resources and methods used by educators to approach and transmit content may reflect positively or negatively on the teaching and learning process. Therefore, innovative methods should be developed to facilitate knowledge comprehension by students.[@b5-amep-4-157],[@b6-amep-4-157]

The development of sophisticated technological resources and the effects of globalization have not eliminated most of the teaching deficiencies anatomy students have been exposed to for a long time. Montes[@b7-amep-4-157] carefully noted the main difficulties pointed out by students taking a human anatomy course: (1) program content was inadequate for the course objectives; (2) teachers lacked technical preparation and teaching experience to adapt the course to the cognitive, social, and affective profile of students; (3) the number of teaching materials used in class (cadaver or synthetic parts) was often not enough for the total number of students; (4) teachers did not deal well with the emotional reaction of students to contact with study material (eg, cadavers); (5) the basic education of students starting their university courses was insufficient, and learning and comprehension of course concepts was therefore considered difficult; and (6) current evaluation systems complicate the assessment of students' actual learning. Reverón[@b8-amep-4-157] found that the academic load and evaluation are, for students, the causes of greatest concern when learning in anatomy courses.

The importance of interactions between different teaching resources used in anatomy teaching, including the presence of monitors, use of images, dissection, live models, and interdisciplinarity, has been highlighted in the literature. Our present study proposed to determine the availability of teaching--pedagogical resources used in the teaching of human anatomy by looking at the responses of undergraduate students to a questionnaire about their learning experiences. Surveys were given to students who were present at the Second Northern-Northeastern Applied Anatomy Symposium.

Materials and methods
=====================

A descriptive study was conducted based on applying a questionnaire (Survey S1) on the teaching-pedagogical resources used in human anatomy classes. This questionnaire was distributed among 500 undergraduates who were present at the Second Northern-Northeastern Applied Anatomy Symposium, which took place in Maceió, in 2011; students who responded were all attending higher education institutions in five different states in northeastern Brazil. All students who were willing to answer the questionnaire signed a free and informed consent statement. The statistical analysis on the students' responses consisted of numbers and percentages.

Results
=======

Of the 500 questionnaires handed out, 264 (52.8%) were answered and returned, and all respondents confirmed having practical anatomy classes. A few did not answer all questionnaire items. [Table 1](#t1-amep-4-157){ref-type="table"} shows a summary of answers about the use of some teaching resources.

The participation of a teaching assistant was the most frequent resource, followed by the use of radiographs, computed tomography (CT) scans, and magnetic resonance images (MRIs). The most frequent support resource was anatomic dissection, followed by the use of interdisciplinary approaches and live models. A substantial number of students did not answer the questions about support resources. The practice of dissection seemed to be limited and not satisfactory in the population under study. Of the courses represented in the sample (medicine, nursing, speech therapy, dentistry, physiotherapy, biological sciences, biomedicine, physical education, and pharmacy), only the medicine and nursing students, which accounted for 34.1% of anatomy students, reported having practical dissection classes. Therefore, about 65.9% of the students who studied anatomy did not have anatomic dissection classes ([Table 2](#t2-amep-4-157){ref-type="table"}). Moreover, of the students who reported having had dissection classes, only a few reported having performed dissections during classes. Most classes were only dissection demonstrations performed by teachers or teaching assistants. Therefore, in addition to their low frequency, most classes demanded only visual and passive observation.

The analysis of type of learning assessment revealed that most instruments were theoretical and practical tests (91%). The number of exclusively theoretical (3.7%) or practical (1.1%) tests was negligible. About 4% of the students did not answer this question. A large number (168; 63.6%) reported that tests were in the form of practical competitions while 56 (21.2%) had no practical tests of any type, 9 (3.4%) had a few practical tests, and 31 (11.7%) did not answer this question.

Group composition in dissection classes, whether participative or observational, ranged from two to 25 students, and mean number of participants was 4.9 per group. The analysis of how dissections were performed revealed that the most frequent technique was by anatomic region, which accounted for over 50% of the cases. There were no great differences between analyses according to systems or body surface ([Table 3](#t3-amep-4-157){ref-type="table"}).

The analysis of assessment procedures revealed that, although dissection was mandatory for 87.3% (78) of students, 72.2% (64) answered that they were not tested at the end of the activity. The weekly number of hours of dissection classes ranged from 2 to 6 hours, and mean number of hours was 4 hours per week.

Discussion
==========

Yoshida et al[@b9-amep-4-157] defined teaching resources as any element used in teaching to promote learning and to stimulate student perception and attention. These resources should complement the instructor's actions and should be a key component of the learning environment. Our study found that different teaching resources were used to teach anatomy: teaching assistants, dissection, images, live models, interdisciplinary approaches, and tests in the form of competitions. Learning is assumed to be enhanced when these resources are used.

A teaching assistant participated in the practical anatomy classes of 95.1% of the students. Together with teachers, the role of assistants as facilitators of the learning process has been clearly described by Campus Neto et al,[@b5-amep-4-157] Aversi-Ferreira et al,[@b2-amep-4-157] and Havet et al.[@b10-amep-4-157] Their work has stressed the importance of assistants in ensuring that students are active and participative and that individual learning paces are respected, which leads to more efficient learning.

A study conducted by Bearman et al[@b11-amep-4-157] found that information retention varies according to the sensorial experience involved. When information is heard, a mean of 20% is retained; after visualization, retention goes up to 30%. The association of hearing and visualization increases this rate to 50%. The highest levels, about 70%, are reached when tactile sensations are included. Therefore, multisensory stimulation may be an important and efficient process to retain the content taught by teachers. In such cases, practical classes in health-related courses are indispensable for anatomy learning. Therefore, we corroborate the conclusions made by Aversi-Ferreira et al[@b2-amep-4-157] about the importance of using images and live models, as well as practicing dissection, to this type of class. For Aversi-Ferreira et al, dissection is an important tool to consolidate the modern paradigms of medical education, a teaching method to encourage critical, investigative, and integrative thinking about basic data and clinical knowledge.

Dissections are not always mandatory in human anatomy courses in most programs, and the decision to include them is made by each educational institution. Despite its recognized importance, our study found that the experience of dissection, in addition to being restricted to a limited number of anatomy students, was based on observation only and required no active participation. Our study findings confirmed that only 34% of students reported having dissection classes, and fully 20% of this group only watched.

Studies about dissection in anatomy classes have revealed that student perception was mostly positive. Few students classified it as stressing, and only some defined the experience as traumatic.[@b8-amep-4-157],[@b12-amep-4-157],[@b13-amep-4-157] These findings suggest that this fundamentally important practice may be neglected in the process of acquiring knowledge about anatomy.

The number of students per teacher in the study groups did not seem to pose any problem. Mean number of individuals in each group was about five. This mean number may mask reality, because there were also groups with 25 students in a class. However, teamwork is important to promote the value of interpersonal relationships and student participation in teaching and learning; according to Costa,[@b14-amep-4-157] teamwork adds authenticity to the experience and prepares students to act and interact in individual and collective contexts.

The most frequent method of dissection was by region. Most students reported not being assessed at the end of the dissection activities, which is suggestive of an important flaw in the teaching practices of the students' institutions. We believe that the lack of assessment and discussions at the end of activities may reduce motivation or increase student inhibition, in addition to compromising the performance expected after practical classes. Two of the positive results of assessment are (1) that it allows teachers to collect feedback, evaluate their teaching methods, and make the necessary adjustments; and (2) it enables students to self-evaluate and try to compensate or correct for possible deficiencies. However, according to Montes,[@b7-amep-4-157] current assessment patterns make it difficult for students to clearly see what knowledge they have acquired.

Studies conducted by Costa,[@b14-amep-4-157] Aversi-Ferreira et al,[@b2-amep-4-157] Drake et al,[@b15-amep-4-157] and Reverón[@b8-amep-4-157] have shown that several medical schools plan to change their curricula and reduce the number of hours for practical dissections. However, Barrovecchios et al[@b16-amep-4-157] found that students felt the need to increase their experience with cadaver dissection in practical classes. In our study, the mean number of class hours for dissection was 4 hours a week. Although that number is satisfactory, we believe that dissection should be evaluated and restructured based on greater attention to student performance, as most students reported only watching and not participating in dissections.

Although a large range of important tools to retain content was available for most students who participated in this study, only a few of the students had practical dissection classes using live models and an interdisciplinary approach.

The relatively large percentage of students (63.3%) with access to learning assessments through laboratory examination competition, with pins indicating the structures to be identified in 60 seconds, was a positive finding. Almost two thirds of students reported having experience with this type of evaluation tool, which offers the student direct contact with the specimens and results in a better understanding of their form, anatomic relations and variations. Montes and Souza[@b17-amep-4-157] also described this type of evaluation tool.

Interdisciplinary approaches, mentioned by 33.3% of the respondents, are important for the study of anatomy because they promote the construction of a global understanding of anatomic parts, their systems, and their functions when analyzed both macro- and microscopically. According to Santos and Infante-Malachias,[@b18-amep-4-157] an interdisciplinary approach is characterized by the existence of an object of common interest in two different disciplines, such as in biochemistry, physiology, embryology, pharmacology, and histology. However, no evidence-based data have been collected to define whether an interdisciplinary approach is more efficient than conventional classes.

Conclusion
==========

This study confirmed the importance of the teaching assistants during practical anatomy classes, as well as the importance of using images for such classes. The practice of anatomic dissection is infrequent and deserves greater attention from those in charge of education and the organization of courses that teach human anatomy.

The conditions of the courses and different health science disciplines represented in our sample suggested that efforts should be made to reduce differences and extend student access to interdisciplinary approaches and live models. Considering the different needs of each course and discipline, the teaching--pedagogical resources used in applied anatomy are potential tools to facilitate the construction of knowledge of anatomy.

Although the sample in this study included only those students present at the symposium and did not include students from every university of the northern and northeastern regions of Brazil, the findings reveal that there is a need to implement some of the teaching resources described in this study, along with interactions between them. A wider-ranging study ought to be conducted in the future. This study should involve not only students but also teachers, heads of departments, and coordinators of anatomy courses at different higher education institutions, with a goal of investigating the implementation and interaction of teaching resources in anatomy teaching and learning.

Supplementary materials
=======================

Survey S1
---------

  ---------------------------------------------------------------------------------------------------------------------------------------
  Model for data-gathering questionnaire applied to undergraduate students in relation to the resources used in teaching human anatomy.
   1. Name:
   2. Institution:
   3. In your anatomy course, what type of class is given?
    Theory ( )
    Practical ( )
    Theory and Practical ( )
   4. Number of students commonly present at practical classes:
    5 ( )
    10 ( )
    15 ( )
    20 ( )
    Other numbers? \_\_\_\_\_
   5. Do monitors assist the practical classes?
    Yes ( )
    No ( )
   6. Are dissection classes given?
    Yes ( )
    No ( )
   7. If so, who gives them?
    Student ( )
    Teacher ( )
    Monitor ( )
    Teacher and monitor ( )
   8. If the student does a dissection, how many take part in the group? \_\_\_
   9. How many hours per week are dedicated to dissection practice? \_\_\_ hours/week
   10. Types of dissection used in anatomy classes:
    Segmental ( )
    Superficial ( )
    Systems ( )
    Others ( )
   11. Are students assessed at the end of the dissection practical class?
    Yes ( )
    No ( )
   12. Are live models used in anatomy classes?
    Yes ( )
    No ( )
   13. Are images also used in anatomy classes?
    Yes ( )
    No ( )
    If so, what imaging method is used?
    Radiography ( )
    Ultrasonography ( )
    Computed tomography (CT scan) ( )
    Magnetic resonance (MRI) ( )
   14. What type of test is used in assessments of learning from anatomy teaching?
    Theory ( )
    Practical ( )
    Theory and practical ( )
   15. Are "gymkhana" tests used for practical anatomy assessments?
    Yes ( )
    No ( )
   16. Are anatomy classes given through an interdisciplinary approach?
    Yes ( )
    No ( )
  ---------------------------------------------------------------------------------------------------------------------------------------

**Disclosure**

The authors report no conflicts of interest in this work.

###### 

Teaching resources used in anatomy classes

              Teaching assistants   Dissection    Images        Live models   Interdisciplinary approach
  ----------- --------------------- ------------- ------------- ------------- ----------------------------
  Yes         251 (95.1%)           90 (34.1%)    226 (85.6%)   91 (34.5%)    88 (33.3%)
  No          10 (3.8%)             160 (60.6%)   30 (11.4%)    141 (53.4%)   158 (59.9%)
  No answer   3 (1.1%)              14 (5.3%)     8 (3.0%)      32 (12.1%)    18 (6.8%)
  Total       264                                                             

**Abbreviation:** n, number of cases.

###### 

Dissection classes according to course

  Course                n     Dissection   \% per course
  --------------------- ----- ------------ ---------------
  Medicine              108   80           30.3
  Nursing               73    10           3.8
  Speech therapy        36    0            --
  Dentistry             16    0            --
  Physiotherapy         11    0            --
  Biomedicine           10    0            --
  Pharmacy              4     0            --
  Physical Education    3     0            --
  Biological sciences   3     0            --
  Total                 264   90           34.1

**Abbreviation:** n, number of cases.

###### 

Type of dissection used in anatomy classes

  Type of dissection   n    \%
  -------------------- ---- -----
  Region               52   58
  Systems              18   20
  Body surface         17   19
  No answer            3    3
  Total                90   100

**Abbreviation:** n, number of cases.
